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(57) ABSTRACT

Digital video communication system and method facilitate
conservation of communication bandwidth are presented. A
present invention method forwards sampled chrominance
data to other components 1n the system. Pixel chrominance
values are sampled 1n accordance with the sampling scheme.
The sampled chrominance values (e.g., 422, 420, 411, etc.)
are forwarded to another component. For example, a graphics
processing umt performs sampling operations and forwards
the chrominance sampled information to another component
(e.g., a board, a display, etc.). The graphics processing unit
can also perform color space conversion before forwarding
the chrominance sampled information to the other compo-
nent. The other component performs up-sampling. For
example, a display can perform the up-sampling to generate
synthesized tull RGB values. The sampled chrominance data
can be further compressed (e.g., MPEG, WMYV, etc.) belore
forwarding the sampled chrominance data and before per-
forming the up-sampling.

18 Claims, 6 Drawing Sheets

2008
v GPU 270
Sampler Cr Color Space Converter
Component 272
271 Chb
R G B
( Interface 273 ) -
Board Component 280B
RGB Up-Sampier 281 A
444 Format R -G B
- D —
MUX 282
DVI/HDMI Transmitter TY Encoder
283 284
DISPLAY 290B
DVI/HDMI Receirver 291 TV Decoder 292
Y Cr Ch
Color Space Converter 293




U.S. Patent Dec. 9, 2014 Sheet 1 of 6 US 8.907.975 B1

100 110

| Receiving chrominance sampled values in a reduced configuration
| format (e.g., 4:2:2, 4:1:1, 4:2:0).

Performing a color space conversion.

y ~

l Performing quasi RGB upsampling.

FIG 1



U.S. Patent Dec. 9, 2014 Sheet 2 of 6 US 8.907.975 B1

200

r Graphics

Processing
Unit
220

Upsampling
Component
230

FIG 2A



U.S. Patent Dec. 9, 2014 Sheet 3 of 6 US 8.907.975 B1
2008
| v GPU 270 ]
Sampler Cr Color Space Converter
Component 272
271 I Ch
I
S
< Interface 273 > QJ —
Board Component 280B
I RGB Up-Sampler 281 A
< 444 mea@ i %I G
MUX 282
DVI/HDMI Transmitter TV Encoder
283 284

DISPLAY 290B

DVI/HDMI Receiver 291 l

TV Decoder 292

Y

Cr

Cb

’ ‘ Color Space Converter 293

FIG 2B



U.S. Patent Dec. 9, 2014 Sheet 4 of 6 US 8.907.975 B1

200C

! .
v GPU 770

Sampler | J Color Space Converter
277

Component

271 Ch

Interface 273

l Board Component 280C

MUX 282

DVI/HDMI Transmitter TV Encoder
| 283 284

[nterface 274

DISF‘Lﬁf’){r 290C
MUX ?97
RGE Up-Sampler 295 | TV Decoder 292

Y Cr Cb

l LDVUHDMI Receiver 291 | YCrChb Up-Sampler 298

‘"" 17T

Color Space Converter 293

FIG 20



U.S. Patent Dec. 9, 2014 Sheet 5 of 6 US 8.907.975 B1

520

N

Sampling pixel chrominance values in accordance with the
sampling scheme established in step 310.

— i . I e

330

—— e — —-_N

Forwarding the sampled chrominance values to another
component.

340

N

Performinge upsampling in the other component.

FIG 3



US 8,907,975 B1

Sheet 6 of 6

Dec. 9, 2014

U.S. Patent

]

o2v
ABRJUSI(T

v Oz

L p0p
20e10]S
B1E(]
2102A0WBY

t
\,

-y e Lk M

Lbv

GOt
20plig
Nijglels

3.

o

FUv

L

afaln}

5L

181Ng
| sweiy

L L

| 109592004
_ -_muEm.EG .“

il FH—,

Ol
LasAsgng
SoIydels

! cO¥F
- AIDLUBIN UIBIN

— T

Gob

6071
sbpLYg
UHON

Cof 185 diys

O

Q0w

Lo

307
HO
LG T
EubIG

Llal

L0t
Ar=1




US 8,907,975 Bl

1

SAMPLED DIGITAL VIDEO
COMMUNICATION SYSTEM AND METHOD

FIELD OF THE INVENTION

The present invention relates to the digital video presenta-
tions. More particularly the present invention relates to digital
video communication systems and methods.

BACKGROUND OF THE INVENTION

Electronic systems and circuits have made a significant
contribution towards the advancement of modern society and
are utilized 1n a number of applications to achieve advanta-
geous results. Numerous electronic technologies such as digi-
tal computers, calculators, audio devices, video equipment,
and telephone systems have facilitated increased productivity
and reduced costs 1n analyzing and communicating data,
1deas and trends 1n most areas of business, science, education
and entertainment. Frequently, these advantageous results are
realized through the use of digital video presentations. The
digital video presentations typically provide information 1n a
format that humans find easy to observe and digest significant
amounts of data in relatively short periods of time. Some
traditional approaches to information communication sub-
scribe to the notion that “a picture 1s worth a thousand words™.
However, digital video presentations are typically data inten-
stve. Communicating large amounts of data between compo-
nents of a digital video system can consume significant
resources and take a significant amount of time.

Rapid communication and processing of information 1s
often critical for desirable video presentations. Generally, a
certain level of flow or speed in the information presentation
1s required for the application to perform properly. Delays 1n
communicating and/or processing video information can
have significant detrimental impacts on video presentations.
(Glitches or delays 1n video streaming can diminish user expe-
rience and/or interaction with the video.

Digital video information typically includes information
associated with a three dimensional scene 1n the world coor-
dinate system mapped for two dimensional projection (e.g.,
on a display screen). In most digital video systems an 1image
1s represented as araster (an array) of logical picture elements
(pixels). Parameter values are typically assigned to each pixel
and the parameter values determine the nature of the projec-
tion on the display screen. The parameter values are digital
values corresponding to certain attributes of the image (e.g.
color, depth, etc.) measured over a small area of the image
represented by a pixel. The parameter values are usually
represented by bits associated with binary logic values (e.g.,
a string of ones and zeroes) that are communicated between
components of a system. Typically each graphical image 1s
represented by thousands of combined pixels. Communicat-
ing information for each pixel 1s very data intensive and
typically consumes a significant amount of the communica-
tion resources 1n a digital video system.

Communication resources 1n video systems typically have
physical constraints that place upper limits on communica-
tion bandwidth (e.g., the amount of information that can be
communicated 1 a predetermined amount of time). For
example, the amount of digital information (e.g., bits per
second, bytes per second, etc.) that can be communicated on
the number of paths or channels 1n a communications bus
usually has an upper limit. Traditional attempts at increasing,
bandwidth can include increasing the physical resources of
the system. However, increasing the physical resources of a
system 1s often expensive and can detrimentally impact other
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desirable features of a system. For example, the amount of
physical resources that are included as part of a mobile system
(e.g., laptops, hand held devices, cell phones, etc.) 1s often
limited by size and/or weight constraints directed to main-
taining mobaility.

SUMMARY

A digital video communication system and method are
presented 1n accordance with embodiments of the present
invention. In one embodiment of the present invention, digital
video communication systems and methods are utilized to
facilitate conservation of communication bandwidth. The
conservation of bandwidth can enable more information to be
communicated to a display 1n a shorter period of time. For
example, existing interfaces can be mapped to handle an
increase in byte size and/or metadata can be communicated 1n
parallel with graphics information.

In one embodiment, a present invention method forwards
sampled chrominance data to other components in the sys-
tem. Pixel chrominance values are sampled in accordance
with the sampling scheme. The sampled chrominance values
(e.g., 4:2:2,4:2:0, 4:1:1, etc.) are forwarded to another com-
ponent. For example, a graphics processing unit performs
sampling operations and forwards the chrominance sampled
information to another component (e.g., a board, a display,
etc.). The graphics processing unit can also perform color
space conversion belfore forwarding the chrominance
sampled information to the other component. The other com-
ponent performs up-sampling. For example, a display can
perform the up-sampling to generate synthesized full RGB
values. The sampled chrominance data can be further com-
pressed (e.g., MPEG, WMV, etc.) belore forwarding the
sampled chrominance data and before performing the up-
sampling.

DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcorporated 1n
and form a part of this specification, i1llustrate embodiments
of the invention by way of example and not by way of 1imi-
tation. The drawings referred to 1n this specification should be
understood as not being drawn to scale except 11 specifically
noted.

FIG. 1 15 a flow chart of an exemplary digital video com-
munication method in accordance with one embodiment of
the present invention.

FIG. 2A 1s a block diagram of an exemplary digital video
system 1n accordance with one embodiment of the present
ivention.

FIG. 2B 1s a block diagram of an exemplary digital video
system 1n accordance with one embodiment of the present
invention 1 which the up-sampler 1s 1ncluded on a board
component.

FIG. 2C 1s a block diagram of an exemplary digital video
system 1n accordance with one embodiment of the present
invention 1 which the up-sampler 1s included 1n a display
component.

FIG. 3 1s a flow chart of an exemplary sampled chromi-
nance communication method in accordance with one
embodiment of the present invention.

FIG. 4 1s a block diagram of exemplary computer system
upon which embodiments of the present mvention can be
implemented.

DETAILED DESCRIPTION

Retference will now be made 1n detail to the preferred
embodiments of the invention, examples of which are 1llus-
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trated 1n the accompanying drawings. While the invention
will be described 1n conjunction with the preferred embodi-
ments, 1t will be understood that they are not intended to limit
the mvention to these embodiments. On the contrary, the
invention 1s intended to cover alternatives, modifications and
equivalents, which may be included within the spirit and
scope of the mvention as defined by the appended claims.
Furthermore, in the following detailed description of the
present mvention, numerous specific details are set forth in
order to provide a thorough understanding of the present
invention. However, 1t will be obvious to one of ordinary skill
in the art that the present invention may be practiced without
these specific details. In other instances, well known meth-
ods, procedures, components, and circuits have not been
described in detail as not to unnecessarily obscure aspects of
the present invention.

Some portions of the detailed descriptions which follow
are presented 1n terms of procedures, logic blocks, process-
ing, and other symbolic representations of operations on data
bits within a computer memory. These descriptions and rep-
resentations are the means generally used by those skilled in
data processing arts to effectively convey the substance of
theirr work to others skilled in the art. A procedure, logic
block, process, etc., 1s here, and generally, concerved to be a
self-consistent sequence of steps or mstructions leading to a
desired result. The steps include physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical, magnetic, optical, or
quantum signals capable of being stored, transferred, com-
bined, compared, and otherwise manipulated in a computer
system. It has proven convenient at times, principally for
reasons of common usage, to refer to these signals as bits,
values, elements, symbols, characters, terms, numbers, or the
like.

It should be borne 1n mind, however, that all of these and
similar terms are associated with the appropriate physical
quantities and are merely convenient labels applied to these
quantities. Unless specifically stated otherwise as apparent
trom the following discussions, 1t 1s appreciated that through-
out the present application, discussions utilizing terms such
as “processing’, “‘computing”’, “calculating”, “determining”,
“displaying™ or the like, refer to the action and processes of a
computer system, or similar processing device (e.g., an elec-
trical, optical, or quantum, computing device), that manipu-
lates and transforms data represented as physical (e.g., elec-
tronic) quantities. The terms refer to actions and processes of
the processing devices that manipulate or transform physical
quantities within a computer system’s component (€.g., reg-
1sters, memories, other such information storage, transmis-
sion or display devices, etc.) into other data similarly repre-
sented as physical quantities within other components.

Present invention systems and methods facilitate efficient
and effective communication of digital video information.
Embodiments of the present invention can facilitate conser-
vation and optimization of bandwidth for processing and the
channel, and can also enable the channel to accommodate
higher bandwidth signals. Digital video communication sys-
tems and methods of the present invention can also allow
ex1isting interfaces to be mapped to handle increased byte size
(#bits) per component. The present invention can also be used
to enhance flexible utilization of processing resources.

FIG. 1 1s a tlow chart of exemplary digital video commu-
nication method 100 1n accordance with one embodiment of
the present invention. Digital video communication method
100 facilitates conservation of communication resources
bandwidth 1n digital video systems. Embodiments of com-
munication method 100 permit chrominance sub-sampled
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color space converted data to be communicated between
components. In one exemplary implementation, color space
conversion 1s performed 1n one component and up-sampling
1s performed 1n another.

In step 110, chrominance sub-sampled values are received
in a reduced configuration format (e.g.,4:2:2,4:1:1,4:2:0). In
one embodiment, the chrominance sub-sampled values
include a single set of chrominance values assigned to a
predetermined number of adjacent pixels. The chrominance
sub-sampled values include a luminance pixel value for each
predetermined adjacent pixel and a common red color
chrominance difference value for the set of pixels and a com-
mon blue color chrominance difference value for the set of
pixels. Various chrominance sampling schemes are described
below. In one embodiment, the chrominance sampling pro-
cess 1s executed 1n accordance with an HDTV scheme.

A color space conversion 1s performed on the recerved
chrominance sub-sampled information 1n step 120. In one
embodiment, the color space conversion 1s performed before
executing steps 130 and 140. The color space conversion can
be performed 1n the same processing module as the sampling.
In one exemplary implementation, red-green-blue (RGB)
pixels are filtered among vertically and/or horizontally adja-
cent pixels to match a chrominance sub-sampling scheme. In
one embodiment of digital video communication method
100, color space conversion 1s performed 1n a processing
module performing the chrominance sampling process and
the up-sampling 1s performed 1n another processing module.

In step 130, the results are communicated 1n a color space
converted sub-sampled format (e.g., 4:2:2, 4:2:0, 4:2:1, etc).
In one embodiment, the results are communicated 1n the color
space converted sub-sampled format from a graphics process-
ing unit to another component. For example, the results are
communicated in the color space converted sub-sampled for-
mat from a graphics processing unit to a display device. In one
exemplary implementation a communication interface 1is
mapped to forward an increased byte size.

In step 140, an up-sampling process i1s performed after
communication. In one embodiment, the up-sampling pro-
cess generates synthetic full red green blue (RGB) values. For
example, a 4:4:4 full bandwidth format can be generated.

In one embodiment a 4:2:0 chrominance sub-sampling
scheme 1s utilized in which sub-sampling of chrominance
occurs vertically and horizontally. For example, the first 5
pixels of line 1 and line 2 of a raster can have the following

structure 1n a 4:4:4 format:
[.inel

P1,1:Y1,1 Crl,l Cdjl,l

P2,1:Y2,1 Crz,l Cﬂjz,l

P3,1:Y3,1 Cr3,1 C‘33,1

P4,1:Y4,1 Cr4,1 C‘34,1

P5,1:Y5,1 CrS,l Cﬂjs,l

Line 2

P, ,=Y,,Cr ,Cb,

P, =Y,,Cr, ,Chy s

Py ,=Y5,Cr; ,Chs 5

Pio=Y4,Cr, ,Chs

Ps=Ys,Crs ,Chs 5

Sub-sampling to 4:2:0 removes the chrominance values
from every second pixel and the values from surrounding
pixels are utilized to synthesis the values after communica-
tion. In the present example, the bits associated with Cr, |
Cb, |, and Cr; | Cb, , are “removed” as shown 1n following
modification of the pixel values:

Linel

P,,=Y,,Cr;Cby

P, =Y,
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P3,1:Y3,1 Cr3,1 CbS,l

P4,1:Y4,1

Ps,=Ys, Crs; Cbs,

Line 2

P1,2:Y1,2 Crl,z Cbl,z

P2,2:Y2,2

P, ,2:Y3,2 Cr3,2 Cb:s,z

Py=Ya,

Ps ,=Y5,Crs, Cbs ,

The remaiming sub-sampled values are quasi color space
converted into following matrix. The resulting quasi-RGB
sub-sampled information has less bits than a conventional full
bandwidth RGB resulting from traditional color space con-
version sequence. For example, the present chrominance sub-
sampled 4:2:0 formatted pixels (P) from above are color
space converted into the following quasi-RGB sub-sampled
pixel values (P') 1n which each P' value includes 12 bits per

pixel as follows.
LinelP', =G, R, ; B,

L :

P 2,1_G2,1 Rz,l 32,1
e ,

P 3,1_G3,1 R3,1 33,1
el ,

P4,1_G4,1 R4,1 34,1

P5,1:G5,1 R5,1 Bs,l

[Line 2
o ,

P 1,:2_G1,2 Rl,z 31,2
e ,

P 2,2_G2,2 Rz,l 32,1
el ,

P 3,2_G3,2 Rs,z 33,2

P =04, Ry By

P's ,=G5,Rs 5 Bs 5
These quasi-RGB sub-sampled values are communicated
across a “full bandwidth” RGB communication interface
(e.g., between a GPU and a board or a display device). For
example, the 12 bits of the present 4:2:0 quasi-RGB sub-
sampled P' values are communicated across an otherwise
“full bandwidth” RGB 24 bit communication interface. Thus,
there are effectively 12 extra or spare bits of bandwidth on the
interface that can be utilized for communicating other infor-
mation or communicating the next quasi-RGB sub-sampled
pixel. For example, mstead of forwarding a single full RGB
pixel P, =G, , R, , B, | including 24 bits the two 12 bits
quasi-RGB sub-sampled pixels P', =G, R, ; B, and
P', =G, R, | B, are communicated.

After these values are communicated across an interface
(e.g., to etther a board or display device) the pixels are then
filtered or “up-sampled” among vertically and horizontally
adjacent pixels to match conventional chroma up sampling
and color space conversion. The synthesized pixels (P")
would again have a full bandwidth 4:4:4 RGB 24 bit configu-
ration with 8 bits per component. It1s appreciated that P"1 can
be a byproduct of a variety of up-sampling filters such as
(C P +C ¥ P +C3 ¥, +C ¥ Py, )X

Linel

P" =G, R,

P, 1765, R,

P 17051 R;

P'y =G, R

P"s =G5 1 Rs

Line 2

b o

P”5,2:G5,2 R5,2 B5,2

Since the tull 24 bit synthesized values were not commu-
nicated over the interface, the remaining “spare” bandwidth
on existing interfaces and cables can be utilized for variety of
advantageous benefits. For example, pixel information can be
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clifectively communicated faster. Alternatively, an interface
can be mapped to handle an increased byte size or number of
bits per Y, Cr and Cb components. For example, a 24 bit
interface that used to support 12 bit/pixel video can support an
up-sampled pixel of 10 b1t Y samples with multiplexed 10 bit
Cr and Cb samples.

FIG. 2A 1s a block diagram of exemplary digital video
system 200A 1n accordance with one embodiment of the
present mmvention. Exemplary digital video system 200A
facilitates conservation of bandwidth 1n digital video data
communications between components of the system. In one
embodiment, digital video system 200 communicates quasi
RGB sub-sampled data between the components of the sys-
tem. The quasi RGB sub-sampled data can be turther com-
pressed 1n accordance with a variety of compression tech-
niques for additional bandwidth conservation. Digital video
system 200A includes bus 210, graphics processing unit 220,
and up-sampling component 230. Graphics processing unit
220 and RGB up-sampling 230 are communicatively coupled
to bus 210.

The components of digital video system 200A coopera-
tively operate to perform digital video functions and facilitate
conservation of digital video communication bandwidth. Bus
210 communicates quasi-RGB sub-sampled data between
graphics processing unit 220 and up-sampling component
230. In one embodiment, interfaces on bus 210 are mapped to
quasi-RGB sub-sampled values. Graphics processing unit
220 produces the quasi-RGB sub-sampled data and forwards
the quasi-RGB sub-sampled data to bus 210. In one embodi-
ment of the present invention, the graphics processing unit
performs color space conversion of sampled chrominance
data to produce the quasi-RGB sub-sampled data before for-
warding the data to the bus. Up-sampling component 230
receives the quasi-RGB sub-sampled data from bus 210 and
performs up-sampling. In one embodiment, the up-sampling
produces equally weighted synthesized sampling values (e.g.
tull 4:4:4 RGB values).

The quasi-RGB sub-sampled data communicated on bus
210 of dagital video system 200A shown 1n FIG. 2A can also
be compressed and decompressed further in accordance with
a variety ol compression techniques. For example, the video
information can be further compressed and decompressed 1n
accordance with MPEG, WMV, etc. compression formats.

Is appreciated that the up-sampling module 230 can be
implemented 1n a variety of components. In one embodiment
of the present invention the up-sampling module 230 can be
included 1n a display device. For example, up-sampling mod-
ule 230 can be included 1n a television (TV), plasma monitor
and/or liquid crystal display (LCD).

FIG. 2B 1s a block diagram of an exemplary digital video
system 2008 1n which the up-sampler 1s included as a board
component. Digital video system 200B includes graphics
processing unit 270, board component 280B (e.g., another
device on a board) and display 29013. Graphics processing
umt 270 1s communicatively coupled to board component
280B by an interface 273. In one embodiment, the interface 1s
associated a communication bus. Board component 280B 1s
communicatively coupled to display 290B by one or more
communication buses. Graphics processing unit 270 includes
sampling component 271 and color space converter 272.
Board component 280B includes RGB up sampler 281A,
multiplexer 282, DVI/HDMI transmitter 283, and TV
encoder 284. Display component 290B includes receiver 291,
decoder 292 and color space converter 293. Sampled chromi-
nance values are communicated via interface 273 to up sam-
pler 281 and the up-sampling 1s performed on board compo-

nent 2808.
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In one embodiment, interface 273 1s a 24 bit interface upon
which 12 bit 4:2:0 quast RGB sub-sampled information 1s
communicated. The “extra” or freed up spare 12 bits of com-
munication bandwidth of interface 273 i1s utilized to take
advantage of present invention bandwidth conservation. For
example, the extra 12 interface bits can be utilized to com-
municate a portion of the next 12 bit 4:2:0 quas1 RGB sub-
sampled pixel information effectively increasing the speed at
which a plurality of pixels are communicated. The extra 12
interface bits can be utilized to communicate larger compo-
nent size information. For example, the luminance and
chrominance values can be increased from 8 bits per pixel to
10 bits per pixel. The extra 12 interface bits can also be
utilized to communicate other information (e.g., metadata).

FIG. 2C 1s a block diagram of an exemplary digital video
system 200C 1n which the up-sampler 1s included 1n a display
component. Digital video system 200C 1s similar to digital
video system 200B. However, 1in digital video system 200C
sampled chrominance values are communicated on via an
interface 274. In one embodiment, the intertface 274 1s asso-
ciated one or more buses. Up-sampling 1s performed 1n dis-
play 290C and not 1n board component 280C. The sampled
chrominance data 1s forwarded from board component 280C
to display 290C. Display 290C 1s similar to display 290B
except display 290C also includes multiplexer 297, up-sam-
pler 295, and up-sampler 298. Similar to digital video system
200B, digital video system 200C permits conservation of
bandwidth across interface 273. Digital video system 200C
also permits conservation of bandwidth across interface 274
since final up-sampling 1s performed 1n the display device
290C.

FIG. 3 1s a flow chart of exemplary sampled chrominance
communication method 300 1n accordance with one embodi-
ment of the present invention.

In step 310, a sampling scheme 1s established. It 1s appre-
ciated that a variety of the sampling schemes can be estab-
lished. For example the sampling scheme can be a 4:2:0
format, a 4:2:2 format, 4:1:1 formats, etc. The sampling
schemes can be compatible with digital versatile disc (DVD)
formats, high-definition television (HD'TV) formats, efc.

In step 320, pixel chrominance values are sub-sampled in
accordance with the sampling scheme established instep 310.
In one embodiment of the present invention, pixel chromi-
nance values are sub-sampled 1n a processing unit (e.g., cen-
tral processing unit, graphics processing unit, etc.).

In step 330, the sub-sampled values are forwarded to a
second component. In one embodiment of the present inven-
tion, sub-sampled data 1s compressed before being for-
warded. For example, the video information can be further
compressed 1n accordance with MPEG, WMV, etc. compres-
sion formats.

In step 340, up-sampling 1s performed 1n a second compo-
nent. If the video information was compressed in step 330 it
1s decompressed 1n the second component. In one embodi-
ment the sampled chrominance values are forwarded to a
display and the display performs the up-sampling. In one
exemplary implementation, the up-sampling produces 444
formatted RGB pixel data.

In one embodiment of sampled chrominance communica-
tion method 300, color space conversion 1s executed before
the chrominance values are forwarded as “quasi” RGB sub-
sampled values to another component and up sampled.

It 1s appreciated that the present invention can be 1mple-
mented 1n a variety of embodiments. In one exemplary imple-
mentation, the present invention can be utilized 1n processing,
systems that support a variety of graphics applications includ-
ing video games. For example, the present invention can be
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utilized 1n graphics rendering processes of a game console,
personal computer, personal digital assistant, cell phone or
any number of platforms for implementing a video game. It 1s
also appreciated that references to video game application
implementations are exemplary and the present invention 1s
not limited to these implementations.

FIG. 4 1s a block diagram of a computer system 400, one
embodiment of a computer system upon which embodiments
of the present invention can be implemented. In one embodi-
ment of computer system 400, color space converted sub-
sampled values are communicated from graphics subsystem
410 to display 420. Display 420 performs “up-sampling” on
the color space converted sub-sampled values. Computer sys-
tem 400 includes central processor unit 401, main memory
402 (e.g., random access memory), chip set 403 with north
bridge 409 and south bridge 405, removable data storage
device 404, mput device 407, signal communications port
408, and graphics subsystem 410 which 1s coupled to display
420. Computer system 400 1ncludes several busses for com-
municatively coupling the components of computer system
400. Communication bus 491 (e.g., a front side bus) couples
north bridge 409 of chipset 403 to central processor unit 401.
Communication bus 492 (e.g., a main memory bus) couples
north bridge 409 of chipset 403 to main memory 402. Com-
munication bus 493 (e.g., the Advanced Graphics Port inter-
face) couples north bridge of chipset 403 to graphic sub-
system 410. Communication buses 494-497 (e.g., a PCI bus)
couple south bridge 405 of chip set 403 to removable data
storage device 404, input device 407, and signal communica-
tions port 408 respectively. Graphics subsystem 410 includes
graphics processor 411 and graphics buifer 415.

The components of computer system 400 cooperatively
operate to provide presentations of graphics images. Com-
munications bus 491 through 497 communicate information.
Central processor 401 processes information. Main memory
402 stores mformation and instructions for the central pro-
cessor 401. Removable data storage device 404 also stores
information and instructions (e.g., functioning as a large
information reservoir). Input device 407 provides a mecha-
nism for inputting information and/or for pointing to or high-
lighting information on display 420. Signal communication
port 408 provides a communication interface to exterior
devices (e.g., an interface with a network). Display device
420 performs up-sampling of color space converted sub-
sampled values and displays the resulting information in
accordance with the synthetically restored data. Graphics
processor 411 processes graphics commands from central
processor 401 and provides the resulting data to graphics
builer 415 for storage and retrieval by display monitor 420.

Thus, the present invention facilitates optimized utilization
of communication resources and conservation of time. Pixels
that are eventually presented are communicated 1n a sampled
format. By efliciently and effectively utilizing communica-
tion resources bottlenecks are avoided and end result video
images presentation rate 1s smoother. The present invention
permits lower on board bit rates and expense. Conventional
hardware interconnects and cabling can effectively commu-
nicate more information and conserve bandwidth by commu-
nicating present color space converted sub-sampled informa-
tion. The present invention also facilitates increased
communication of information for each pixel. For example,
10 bits per component can be effectively communicated over
an 8 bit interconnect.

The foregoing descriptions of specific embodiments of the
present invention have been presented for purposes of illus-
tration and description. They are not intended to be exhaus-
tive or to limit the ivention to the precise forms disclosed,
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and obviously many modifications and variations are possible
in light of the above teaching. The embodiments were chosen
and described in order to best explain the principles of the
invention and 1ts practical application, to thereby enable oth-
ers skilled 1n the art to best utilize the invention and various
embodiments with various modifications as are suited to the
particular use contemplated. It 1s intended that the scope of
the invention be defined by the Claims appended hereto and
their equivalents.

What 1s claimed 1s:

1. A digital video communication method comprising;:

performing a color space conversion process on chroma

sub-sampled information, wherein the chroma sub-
sampled information includes results of sampling pixel
chrominance values, wherein the output of the color
space conversion 1s quasi-RGB sub-sampled informa-
tion, including information associated with at least one
pixel having less bits per pixel than full display RGB
information;

communicating the results of the color space conversion

process 1n a color space converted sampled format via an
interface, wherein the interface 1s mapped to forward at
a substantially concurrent time the quasi-RBG sub-
sampled information associated with the first pixel and
other information; and

performing an up-sampling process after communication,

wherein the color space conversion process 1s performed
before the communicating via the interface and before
the up-sampling process, the up-sampling process
resulting in RGB information with the same number of
bits as the full display RGB information per pixel.

2. A digital video communication method of claim 1
wherein said results are communicated 1n the color space
converted sampled format from a graphics processing unit to
a display device.

3. A digital video communication method of claim 1
wherein said results are communicated 1n the color space
converted sampled format from a graphics processing unit to
another component.

4. A digital video communication method of claim 1
wherein red-green-blue (RGB) pixels are filtered among ver-
tically and horizontally adjacent pixels to match a chromi-
nance up-sampling scheme.

5. A digital video communication method of claim 1
wherein color space conversion 1s performed 1n a processing,
module performing the sub-sampling process and the up-
sampling 1s performed in another processing module.

6. A digital video communication method of claim 1
wherein a communication interface 1s mapped to forward an
increased number of bits per luminance and chrominance 1n a
byte.

7. A digital video system comprising:

an interface for communicating sub-sampled color space

converted data, wherein the sub-sampled color space
converted data includes quasi-RGB sub-sampled infor-
mation, including immformation associated with at least
one pixel having less bits per pixel than full RGB infor-
mation, wherein said quasi RGB sub-sampled informa-
tion includes mformation associated with a first pixel
and a second pixel and said interface 1s mapped to for-
ward at a substantially concurrent time said quasi-RBG
sub-sampled information associated with said first pixel
and at least a portion of said quasi-RGB sub-sampled
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information associated with said second pixel not
included 1n said information associated with said first
pixel;

a graphics processing unit for producing the sub-sampled
color space converted data and forwarding the sub-
sampled color space converted data to the interface,
wherein the graphics processing unit performs color
space conversion of the sub-sampled chrominance data

betfore forwarding the sampled chrominance data to the
interface; and

an up-sampling component for receiving the sampled color

space converted data from the interface and performing,
up-sampling, wherein the color space conversion 1s per-
formed before said communicating via said interface
and before said up-sampling.

8. A digital video system of claim 7 wherein the up-sam-
pling component 1s 1n a display component.

9. A digital video system of claim 7 wherein sampled
chrominance data communicated on the interface 1s also com-
pressed.

10. A digital video system of claim 7 wherein interfaces on
the interface are mapped to the sampled chrominance values.

11. A digital video system of claim 7 wherein the up-
sampling produces equally weighted synthesized resolution
values.

12. A sampled chrominance communication method com-
prising:

establishing a sampling scheme;

sampling pixel chrominance values 1n accordance with the

sampling scheme;
performing a color space conversion on chroma sub-
sampled information resulting 1 quasi RGB sub-
sampled values, wherein the chorma sub-sampled infor-
mation 1mcludes at least a portion of results of sampling
pixel chrominance values,
forwarding the sampled chrominance values to another
component as quasit RGB sub-sampled values via an
interface, wherein the quasi RGB sub-sampled have less
bits per pixel than full RGB information, wherein the
interface 1s mapped to forward at a substantially concur-
rent time the quasi-RBG sub-sampled information asso-
ciated with the first pixel and other information;

performing up-sampling in the other component, wherein
the color space conversion and the forwarding are per-
formed before the up-sampling; and

executing color space conversion belfore the up-sampling.

13. A sampled chrominance communication method of
claim 12 wherein the sampled chrominance values are for-
warded to a display and the display performs the up-sam-
pling.

14. A sampled chrominance communication method of
claim 12 wherein the sampling scheme 1s a 4:2:2 format.

15. A sampled chrominance communication method of
claim 12 wherein the sampling scheme 1s a 4:2:0 format.

16. A sampled chrominance communication method of
claim 12 wherein the up-sampling produces 4:4:4 formatted
RGB pixel data.

17. A sampled chrominance commumnication method of
claiaim 12 {further comprising compressing the sampled
chrominance data before forwarding the sampled chromi-
nance data and before performing the up-sampling.

18. A sampled chrominance communication method of
claim 12 wherein the sampling scheme 1s a 4:1:1 format.
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